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]1- TEMPERATURE DEPENDENCIES IN A

PENNING SURFACE-PLASMA SOURCE

1{. Vernon Smith, Jr., Joseph D. Sherman, Carl Geisik, and

Paul Allison

lm Alamos National hborato~, Los Alarnos, NM 87545

Abstract

Simple analysis of the nearly-Maxwellian angular distribu-

tions of the ribbon H_ ion beam.. extracted from a long, nar-

row sli[ on lhe 8X source yields the 11- [cmpcmture, kTt[-,

‘Ile derived kTII- are (). I-0.3 eV for a 2-A dc dischiwge and

().7 1,3 eV for a 4(X)-A puked di.schargc. I]ccausc this

di:igno:~tic method relies on simple clccu-onic [cchniqucs, i[

tillt)ws ripid sIudy of Ihc dcpendcncics of kTt i- on Ihc

\[)ilKc p:irwnctcrs, Such ii!+ gilS flow LUld diSc’tlilrg~ ~llK~ll[.

‘Ihcsc v;mi:][i(ms()! k“lj I- ill Ihc HX MNIIVCw-cqmlitmivcly

sin)ihr I() thw olwrvcd for [hc 1l-:I[(mI [cllqwril[m., k’1’tie,

i 11IIK I~,X .vmrc-c, illl(}[tlCr I’cnning sllrl”:lc.c.-l]l:islll;l.W)lIIVC.
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L Introduction

Onc of the imptant parameters of the 11- barn from

an ion source is the emittance, which is ultimately limited by

the H- plasma temperature kll+. Spectroscopic measLuE-

IIR?nL%show that for Penning surface-plasma sources (SPS)

kTI[o is ().2 eV for low current dc discharges and 0.&3 eV

for high current pulsed discharges.1-~ If the H- ions assume

the H-atom temperature before exbaction,d intrinsic kn[-

from ().2 m 3 eV may be expected. To determine kTI[- in

our l%nning S1’S di.schnrge, we usc the slit-diagnostic

[cchniquc. s

11. Fhpcrimcntal Method

“Ilc SINdiagnostic technique, dc.smibcd in dcttiil in

Rcf, 5, is Iw.scdon ion-opfical considcrmions tind [hc usc of

till cllli[[:lll~.c-[lwtistlri[lg dcvicc,~l ‘Illc Cillh{dC-Uillll( XIC id

illl(MIL’;Illo(k! g:lp$iwilhin [IIC IIX Sl)llItY’/WC1X)111.1.40 Clll

(I:ig. I). A sh im ()[)ii~i~l SySICII] allows IIICtvni[ling I)liisIIlii

10 IW cx:mimxl ill cilhcr IIIC C:~lh{NIC.1[}Cillll(Xll” (p;lrillllml 11)

lllC !Ililglll”lil’ Iicld) (w illl(NIYh) illl(M14’ (pcrlwmlitwl;)r h) [111”

nuqgwli~. licld) din~li(m. A S4+mliuic. ()( III(Icxpmmcnl;d

:Ill;llll:l’llklll willl 1111. iUl(Mllm [() illl(XIL’ ln”iwllnli[m (i III(” slit

cxlrw.lit)n kyslmll is sht~wn in I;ip, I [)1”Rrl. 5. Willl ;I

( ;;llli~i;lll I“ilrt~lllillc wc (Iclrllllinr [lx”I;WI [M 01 Ilw :ull![ll:lr



the inherent kTt+ in the soume plasma using kTm =

().36 ] @ (8FwHM)2, where ~b is the beam energy. &tmp]e

angular distribution data near the center of tie ribbon beam

are shown in Fig. 4 of Ref. 5 for both a high-curren~ pulsed

discharge and a ItIw<urrent, dc discharge.

111. Results

The IIX souwe parametric dependence of kTl I- on the

112filling pressure ~i[l, for fixed discharge cumen: Id = 4(W

A and magnc~ic field llX = 290 G, is shown in I:ig. 2a. 7%c

dc I[2 pressure in the source chamhcr hefom the 5-1 Iz, 1.2-

ms-long am pulse is ignilcd is l~;ill: l~~il]is cillculalcd from

h’ llM!lAS’!K4.l dC I [2 ~ilS II(IW (.)I [2 illld ‘Ilc CillClllillWI 1 [2

II(MI Sj)l”t”ll”llsc”(lllvb.”1”1[!) !’,11111%‘ IIM !11(”.1s W)lll(’(’ [I MIIII 111(-

111(’;l\lll(”lllclll\ 11)1 Ill!’ IIllfl 1( j:llul ;Ill(l 111(’ lll,lvll; l ( ldlllllll)



m dmined in tie y direction, perpendicular [o the beam di-

rccnon, z, and the magnetic field direction, x. The emission

spcctmcopy kTl 10 values I are an avemge along the II-

bmrn direction, z, through the drift and the plasma column.

The dependencies shown in Figs. 2a and 3a are for

3(N)- to 5(WA pulsed 8X source discharges. We also have

mcasumd k,Tti- M iI function of the various 8X source p~iim-

ctcrs for 2- to 4-A dc dischqcs. The dcpcmlcnce of kTli-

on ]Will is shown in I:ig. 4 for kth the tinodc-iirldt iid thc

cdnk-calhodc diagnostic-slit micn[illions.

Iv. Discussion

‘1’0compamttle 1i-alum n-fasurcmcn[s 011[he 4X

source with dlc 1[- n~cmuremenls on 111sIIIXsource, wc nwxl

gllidilllCC 011 lhC SCilliIlg hclwccn lhC [W() !K)HKXS. We 11.SC

th~ prcdic-tions oi_IIWsin]iliinty Iiiw iis CXpI-CSSd by MudIt:fl



8X source. We have not measured kTHo in the 8X soume,

but we note that kll+o is approximately the same in the small-

angle source (the 1X source) as it is in the 4X soume.1 In

order to compare kTH- in the 8X SOUIUwith kTHo in the 4X

source, the RX pressure scale in Fig. 2a is double the 4X

pressure scale in Fig. 2b,

The kTti- decrease with increasing 8X source pressure

is consistent with an expuncntial dependence on pressure,

just as Ihe kTI10decrease with increasing 4X source pressure

is (Fig, 2). I Iowcver, kTli- and kTHo de.cra.se at diffmcnt

rwes wi[h source pressure, partially Inxxw.seof diffcrcnccs in

the energy-exchnnge cross sections. Al P = ().1 Tmr,

kl’11- . ().73 eV, whcrctis sItthe soled pressure = ().2 Torr,

k-l’lm = ().M cV, iIlu-wta 10% difhmmcx.

‘1’0uillcul:llc Ihc chw-ixxcristic Icllglhs 1-2 iUld ] 4)2 [or

energy CXUlliUl~C of I 1- illld I 1° on I12, WC USC I. =

IIIC .M)IINT WilIIS, 500” ‘)1(, iMl[j L’illClllillL” Ill 1:) ilt lypi~wl OJ)Lmril

ling plrssurrs. (1.! ‘l”ittTilll(l ().2 ‘I”(MTIim III(”l{X illl(l ‘1S



( Ref. 9) we get L-2 = 1.0 cm for the 8X source and ~2 =

0.8 cm for the 4X source. From the scaling law we expect

142 = 1.6 cm for the 8X source. For 100 eV H-on H2 we

estimate that 14 = 27 cm, where for this case o-2 includes

both elastic and inelastic processes.

“I%echaracteristic length k for energy exchange

between 1{- ions of= 100 eV (from the 8X source cathodes)

and Ho atoms of= 1 CV in the plasma co!umn is difficult to

estimm since we do not know the cross section co for

energy exchange. Wc can estimate the mcm-i-free path of I 1-

in 110, X-O,from C-O-I n] IO-1,where O-Ois dlc cross seclion

for rc~)nim[ clmrgc cxchtinge. The mcmured =;alue of m[o is

1.11x 1014 cm-l for IIw drifl and 7,3 x 1014 ufll-~ for the

plasma column in lhc 4X source [hf. 2]; wc usc hdf hcsc

values for Ihc tiX S4mrcc. (Jsing O..O= 5.27 x 10-15 CI112for

99 CV I i“ [I?cf. ]01 gives L{) = I .() cm ill Ihc 8X drill :md



cooled by resonant charge exchange with slow HO in the

discharge, then the slow H- and the remaining slow l~o are

cooled by the collisions with H2.

To compare the dependence of kTt+- on the discharge

current in the 8X source with t,hedependence of kTHo on Id

in the 4X source, we have to account for the different

emission-current densities jt{- between the two sources.

From the similarity law, we expixt the source operation to be

the same if jH-(4X) is adjusted to be double jH-(8X). Thus,

if tic 8X source is equipped with an emilter lhal has double

the area of the 4X source emitter, and if the 4X source

discharge current is half the 8X source discharge current, the

two sources should produce the same H_ current. To

compm dle 4X source k“ll 10dependence on Id with the 8X



“dead space” between the plasma column and the emitter).

The dependene. of kTHo on Id in the 4X source drift has not

been measurtxl at current values low enough to distinguish

between a linear depxtdence and a square-root dependence.

The dependence of kTH- on the pressure in the 8X

source for a low-current, dc discharge is shown in Fig. 4,

The typical operating pressure for a 2.4-A dc discharge in

the 8X source is 0.09 Torr, and the typical kTH- is 0.2 eV

(Fig. 4). For the 8X source 2.4-A dc disrharge, the

characteristic length for energy exchange L2 = 0.6 cm. For

100 eV 1{- on Hz, 1.-2=49 cm, For a 1-A dc discharge,

!cTt[o in the 4X source is = 0.27 eV (Ref. 1). For 0.27 eV

IN in the 8X source, LJ2 = 1.2 cm. Assuming that nl~o is

= 1 x 10] ~ cm-~ for the 2.4 A dc discharge,z the mem-free

path for reson;ml churge exchimgc l+= 19 cnl.

V. Conclusions

‘Illus, in tmh [he 2-A dc and [hc 350 -5(N) A pulswl dis-

charg,cs, once the iiLSt (GNh(dc) 11“-arc c(mhd by resonnnl

uhurgccxc.lmngc on slow I IV, lhc rcsuhing slow I I” d lhc



the HO tem~raturt in the 4X source, in agreement with the

predictions of the scaling law.
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Figure Captions

Fig. 1. The8Xsource georneuy (+zlsthe bcarn direction). Ina)the

diagnostic slit is aligned along the x-direction from cadmde to cathode; in

b), along the y direction tlom anode to anode.

Fig. 2. a) The kTH- vs PFiUdata for the anode-anode (open circles) and

cathode<athode (filled uiangles) slit orientations in fhe 8X sowce. lle

measured dc QH2 is also given. me curve (formula in the figure) is a least-

squares fit to all the data. b) The dependence of kTHo on PHI for the 4X

Sourcez for the plasma column (open squares) and the drift (open tiangles).

The measured dc QH2 is also given. The curves (formulae in the figure) are

Ieast-.squares fits to the data

Fig. 3. a) The dependence of kTH- on Id for the 8X source for the anode-

anrxk slit orientation and a pulsed m (open circles) and for the cathode-

cathode slit orientation and a dc arc (filhxl triangle). The curve (formula in

the figure) is a Ieast-.squares fh to all the data. b) The dependence of kTm

on Id for the 4X ,source measured by absorption spectroscopy (Ref. 2) for

the plasma column (open squares) and dw drift (open triangles). IIIC

dcpcndcnce of kl”lw (m Id for Ihc 4X source nwwmxl by emission

specmoscopy (Ref. 1) is also shown (closml squares). “Ilw curves

(fmmulac in W figure) m fils m lhc dm.

I‘ig. 4. “llw dcpcm.hn.c of k“l”ll- on l)i~lllfor [I)c :IrNmlc-:uNMIc(ci[~lcs) ii[d

L-nlh(dc-uillh(ulc (SllllilPfS) slit oricnl;llitms ill llw tiX s(w~c wi[h 2.() 1~~

2.11A (k (Ikhnrgcs. ‘lk ll~iisurd (k. (jIIp is :Ilst)given. “Ilw curve

( iimnula in lh~ figure) is il k:l!+t squnrcs tl[ I() illl IIIC tlil[il.
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